


























㸯-㸯 ࢫ࣮࢟ࣕ࣍ࣝࢻ⤖ྜᛶ SDF-1-KL5ࡢྜᡂ 
㸯-㸰 ෇஧Ⰽᛶศගศᯒ㸦CDศᯒ㸧 
㸯-㸱 Boyden chamberἲ࡟ࡼࡿ⣽⬊㉮໬ᛶヨ㦂 
㸯-㸲 ཷᐜయࡢⓎ⌧ゎᯒ 
 
㸰㸬㸰 SDF1-KL5㸭P(LA/CL) ࢆ」ྜ໬ࡋࡓከᏍ㉁ᛶࢫ࣮࢟ࣕ࣍ࣝࢻࡢస〇 




㸰-㸲 SDF1-KL5㸭P(LA/CL) ࢫ࣮࢟ࣕ࣍ࣝࢻ」ྜయࡢస〇 
 
㸰㸬㸱 SDF1-KL5ᢸᣢ P(LA/CL) ࢫ࣮࢟ࣕ࣍ࣝࢻࢆ⏝࠸ࡓື≀ෆ㦵෌⏕ヨ㦂 
                        ࣭࣭࣭࣭࣭࣭࣭࣭࣭࣭㸵 
㸱-㸯 ࣛࢵࢺ㢌⵹㦵ෆᇙධヨ㦂 












㸱㸬㸰 SDF1-KL5㸭P(LA/CL) 」ྜ໬ࢫ࣮࢟ࣕ࣍ࣝࢻࡢస〇 
                        ࣭࣭࣭࣭࣭࣭࣭࣭࣭㸯㸲 
㸰㸫㸯 SDF1-KL5ࡢ P(LA/CL)࡬ࡢ྾╔ 
㸰㸫㸰 P(LA/CL) ࢫ࣏ࣥࢪ࡬ SDF1-KL5ࡢᢸᣢ 
 
㸱㸬㸱 SDF1-KL5ᢸᣢ P(LA/CL) ࢫ࣮࢟ࣕ࣍ࣝࢻ࡟ࡼࡿ㦵෌⏕ㄏᑟ࡟㛵ࡍࡿ


































୍᪉࡛ࠊࢣࣔ࢝࢖ࣥࡢ୍✀࡛࠶ࡿ stromal cell-derived factor-1㸦SDF-1㸧ࡀ㦵
㧊ᖿ⣽⬊ࡸ㦵ⱆ⣽⬊ࡢ㐟㉮ࢆಁ㐍ࡍࡿ࡜࠸࠺ከࡃࡢሗ࿌ࡀ࠶ࡿ 11,12,13,14) ࠋ౛࠼































2.1.1 ࢫ࣮࢟ࣕ࣍ࣝࢻ⤖ྜᛶ SDF-1-KL5ࡢྜᡂ 
 ᮏ◊✲࡛タィࡋࡓ SDF-1-KL5࣓࢟ࣛࢱࣥࣃࢡ㉁ࡢᵓ㐀ࢆᅗ 1࡟♧ࡍࠋ௨ୗ࡟
㏙࡭ࡿࡼ࠺࡟ࠊ኱⭠⳦Ⓨ⌧⣔ࢆ฼⏝ࡋ࡚ SDF-1-KL5ࢆస〇ࡋࡓࠋ  
 ࡲࡎࠊࣄࢺ⫾┙ cDNA ࣛ࢖ࣈ࣮ࣛࣜ㸦ࢱ࢝ࣛࣂ࢖࢜㸧ࡼࡾ PCR ἲ࡟ࡼࡗ࡚





ࡣ࣮ࣜࣥ࢝㓄 㸦ิGG㸧ࠊⅬୗ⥺ࡣ SDF-1 cDNAࡢ 5'࠾ࡼࡧ 3'ᮎ➃ࡢ㓄ิ࡛࠶ࡿࠋ





 ḟ࡟ࠊ኱⭠⳦㹙BL21(DE3)pLysSᰴ㹛࡟ࣉࣛࢫ࣑ࢻ pET22- SDF-1-KL5ࢆࣄ
࣮ࢺࢩࣙࢵࢡἲ࡛ᑟධࡋࡓᚋࠊ኱⭠⳦ࢆ࢔ࣥࣆࢩࣜࣥࢆྵࡴᐮኳᇵᆅୖ࡛ᇵ㣴





࣮ࢪࣙࣥ࣎ࢹ࢕࣮ࢆᚓࡓࠋࡇࢀࢆ 5 mM 2-mercaptoethanolࢆྵࡴ 8 Mᒀ⣲⁐





16.5%࣏ࣜ࢔ࢡࣜࣝ࢔࣑ࢻࢤࣝࢆ⏝࠸ࠊ㟁ᅽ 200 VࠊὋື᫬㛫 30 minࡢ᮲௳࡛
Ὃືࡋࠊࢡ࣐ࢩ࣮ࣈࣜࣜ࢔ࣥࢺࣈ࣮ࣝ㸦CBB㸧ᰁⰍࢆ⾜ࡗࡓࠋࢱࣥࣃࢡ㉁ࡢ⃰














ᐃࡣࠊࢱࣥࣃࢡ㉁⃰ᗘ 141 Pg/mLࠊࢭࣝ㛗 0.2 mmࠊࢫ࢟ࣕࣥἼ㛗 190㹼250 nmࠊ
ࣂࣥࢻᖜ 0.1 nmࠊࣞࢫ࣏ࣥࢫ 1 sec࡟࡚⾜ࡗࡓࠋ 
 
2.1.3 Boyden chamberἲ࡟ࡼࡿ⣽⬊㉮໬ᛶヨ㦂 
ࣄࢺ୙Ṛ໬㛫ⴥ⣔ᖿ⣽⬊㸦UE6E7T-3 ᰴ㸪⌮◊⣽⬊ࣂࣥࢡࡼࡾศㆡ㸧࠾ࡼࡧࣄ
ࢺ㦵ⱆ⣽⬊㸦MG63 ᰴ㸪 JCRB ⣽⬊ࣂࣥࢡࡼࡾศㆡ㸧ࢆ Dulbecco's Modified 





2 % Pluronic F-127㸦Sigma㸧ࢆ⏝࠸࡚ྛ࢙࢘ࣝࡢ⾲㠃ࢆฎ⌮ࡋࡓࠋࡑࢀࡽࡢ࢘
࢙ࣝ࡟ࢭࣝ࢝ࣝࢳ࣮ࣕ࢖ࣥࢧ࣮ࢺ (⭷ࡢᏍᚄ㸸8 Pm) ࢆタ⨨ࡋࡓࠋࣄࢺ୙Ṛ໬
㛫ⴥ⣔ᖿ⣽⬊࠶ࡿ࠸ࡣࣄࢺ㦵ⱆ⣽⬊ࢆ 0.1% bovine serum albumin ࢆྵࡴ
DMEM࡟ᠱ⃮ࡋྛࠊ ࢙࢘ࣝ࡟ 2× 103 ಶࡎࡘ࢝ࣝࢳ࣮ࣕ࢖ࣥࢧ࣮ࢺෆ࡟᧛✀ࡋࠊ
✀ࠎࡢ⃰ᗘࡢ SDF-1㸦0ࠥ100 ng/mL㸧ࢆῧຍࡋࡓᇵᆅ 0.5 mL㸦DMEM, 2 mM 




ࢆィᩘࡋࡓ 15) ࠋ 
 
2.1.4 ཷᐜయࡢⓎ⌧ゎᯒ 
 ࣄࢺ㛫ⴥ⣔ᖿ⣽⬊㸦UE6E7T-3 ᰴ㸧࠾ࡼࡧࣄࢺ㦵ⱆ⣽⬊㸦MG63 ᰴ㸧࡟࠾ࡅ
ࡿ SDF-1ཷᐜయ㸦CXCR4㸧ࡢⓎ⌧ࢆㄪ࡭ࡿࡓࡵࠊࡑࢀࡽࡢ⣽⬊࡟࠾ࡅࡿ CXCR4 
mRNA ࡢⓎ⌧ࢆ㏫㌿෗࣏࣓࣮ࣜࣛࢮ㐃㙐཯ᛂ㸦RT-PCR㸧࡟ࡼࡾศᯒࡋࡓࠋࣄ
ࢺ୙Ṛ໬㛫ⴥ⣔ᖿ⣽⬊࠾ࡼࡧࣄࢺ㦵ⱆ⣽⬊࠿ࡽ SV Total RNA isolation system 
㸦Promega㸧ࢆ⏝࠸࡚ total RNAࢆᢳฟ࣭ ⢭〇ࡋࠊcDNA synthesize kit (Roche)
ࢆ⏝࠸࡚㏫㌿෗཯ᛂࢆ⾜࠸ cDNAࢆᚓࡓࠋసᡂࡋࡓ cDNAࢆ㗪ᆺ࡜ࡋࠊCXCR4
࡟ᑐࡍࡿࣉࣛ࢖࣐࣮㸦ୖὶࣉࣛ࢖࣐࣮㸸ggcagcaggtagcaaagtga㸪ୗὶࣉࣛ࢖࣐
࣮㸸tgatgacaaagaggaggtcgg㸧16) ࢆ⏝࠸ࠊDNAኚᛶ㸦94Υ, 30 sec㸧ࠊ࢔ࢽ࣮ࣜ
ࣥࢢ㸦64Υ, 30 sec㸧ࠊఙ㛗཯ᛂ㸦72Υ, 30 sec㸧ࠊ35ࢧ࢖ࢡࣝࡢ᮲௳࡛ PCR཯ᛂ






࢙࢖࣭࢚࣒࣭࢚ࢫࡼࡾ౪୚㹛ࢆ⏝࠸ࡓࠋࢫ࣮࢟ࣕ࣍ࣝࢻࡣ┤ᚄ 5 mmࠊཌࡉ 0.5 
mmࡢ෇┙≧࡛࠶ࡾࠊẼᏍ⋡ 95.2㸣ࠊ࣏࢔ࢧ࢖ࢬ 300 Pm௨ୖࠊ⾲㠃✚ 186.78 
mm2࡛࠶ࡗࡓࠋ 
2.2.2 ㉮ᰝᆺ㢧ᚤ㙾(SEM)ほᐹ 






 SDF-1-KL5 ࡢ P(LA/CL)࡬ࡢ⤖ྜᛶ࡟ࡘ࠸࡚⾲㠃ࣉࣛࢬࣔࣥඹ㬆㸦SPR㸧ἲ
ࢆ⏝࠸࡚ㄪ࡭ࡓࠋ 




㛫℺ὶࡋࠊḟ࡟ࠊ⁐ᾮࢆ SDF-1-KL5ࡢ PBS⁐ᾮ࡟ኚ᭦ࡋ࡚ 10ศ㛫 ᐃࡋࡓࠋ



























 1 / [AB] = ( Kd / [B]0 ) / [A] + 1 / [B]0 (5) 
 
࡜࡞ࡿࠋࡇࡇ࡛ࠊ[A] ࠾ࡼࡧ[B]ࡣኚᩘ࡛࠶ࡿࡓࡵࠊᘧ(5)ࡣࠊഴࡁ Kd / [B]0ࠊY
ษ∦ 1 / [B]0ࡢ୍ḟ㛵ᩘ࡛࠶ࡿࠋࡑࡇ࡛ࠊX = 1/[A]࡟ᑐࡋ࡚ Y = 1/[AB]ࢆࣉࣟࢵ
ࢺࡋ㸦㏫ᩘࣉࣟࢵࢺ㸧ࠊࡑࡢഴࡁ࡜ Yษ∦࠿ࡽゎ㞳ᐃᩘ Kdࢆồࡵࡓࠋ 
 
2.2.4 SDF1-KL5㸭P(LA/CL) ࢫ࣮࢟ࣕ࣍ࣝࢻ」ྜయࡢస〇 
෇┙≧ࡢ P(LA/CA)ࢫ࣮࢟ࣕ࣍ࣝࢻ㸦┤ᚄ 5 mmࠊཌࡉ 0.5 mm㸧࡟ 200 PL ࡢ
ࡢ SDF-1-KL5⁐ᾮ㸦0.5ࠊ1ࠊ࠶ࡿ࠸ࡣ 10 Pg/mL㸧ࢆ⁲ୗࡋࠊ24᫬㛫㟼⨨ࡍࡿ
ࡇ࡜࡟ࡼࡗ࡚ࢫ࣮࢟ࣕ࣍ࣝࢻෆ㒊࡟ SDF-1-KL5 ࢆ྾╔ࡉࡏࠊSDF-1-KL5Ѹ
P(LA/CA)ࢫ࣮࢟ࣕ࣍ࣝࢻ」ྜయࢆᚓࡓࠋ 
ࢫ࣮࢟ࣕ࣍ࣝࢻෆࡢ SDF-1-KL5 ྾╔㔞ࡣࠊMicro BCA Protein Assay Kit
㸦Thermo Scientific㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋࣅࢩࣥࢥࢽࣥ㓟Ѹ㖡㘒యࢆྵࡴⓎⰍᾮ
200 PL୰࡟ࢫ࣮࢟ࣕ࣍ࣝࢻࢆ 37Υ࡛ 2᫬㛫ᾐₕࡋࠊ㘒య࡜ࢱࣥࣃࢡ㉁࡜ࡢ⤖ྜ




2.3 SDF1-KL5ᢸᣢ P(LA/CL) ࢫ࣮࢟ࣕ࣍ࣝࢻࢆ⏝࠸ࡓື≀ෆ㦵෌⏕ヨ㦂 
2.3.1 ࣛࢵࢺ㢌⵹㦵ෆᇙධヨ㦂 




࢚ࣥࢪࣥ࡜┤ᚄ 5 mm ࡢࢺࣞࣇ࢕ࣥࣂ࣮ࢆ⏝࠸࡚ࠊ⁛⳦⏕⌮ⓗ㣗ሷỈࢆὀỈࡋ






2.3.2 ࣐࢖ࢡࣟ computed tomography㸦CT㸧ゎᯒ 
SDF-1-KL5ѸP(LA/CL)ࢫ࣮࢟ࣕ࣍ࣝࢻࡢᇙ᳜┤ᚋࠊ࠾ࡼࡧ 8ࠊ12ࠊ16ࠊ20ࠊ24ࠊ
28㐌ᚋ࡟ື≀ᐇ㦂⏝࣐࢖ࢡࣟ CT㸦Skyscan 1176, Bruker, Kontich, Belgium㸧
᧜ᙳࢆ⾜࠸ࠊDigital Imaging and Communication in Medicine㸦DICOM㸧ࢹ





















































ࢫ࣌ࢡࢺࣝࢆ ᐃࡋࡓࠋࡑࡢ⤖ᯝࠊᅗ 3࡟♧ࡍࡼ࠺࡟ࠊ200 nm௜㏆࠿ࡽ 230 nm
௜㏆࡟࠿ࡅ࡚ࣈ࣮ࣟࢻ࡞㈇ࡢࢥࢵࢺࣥຠᯝࡀほ ࡉࢀࡓࠋ 




࠸ࡿࢫ࣌ࢡࢺࣝ࡜ࡼࡃ୍⮴ࡍࡿ 20) ࠋ 


































   
 
(A)           (B) 
                
        
















ຍࡋࡓሙྜࡢ⛣ື⣽⬊ᩘࢆಸᩘ࡛♧ࡍ㸬್ࡣᖹᆒ್ ± ᶆ‽೫ᕪ㸦n = 5㸧㸬 
 
 
3.2 SDF1-KL5ѸP(LA/CL) 」ྜ໬ࢫ࣮࢟ࣕ࣍ࣝࢻࡢసᡂ 
3.2.1 SDF1-KL5ࡢ P(LA/CL)࡬ࡢ྾╔ 
SDF-1-KL5ࡢ P(LA/CL)࡬ࡢ⤖ྜᛶ࡟ࡘ࠸࡚ SPRἲࢆ⏝࠸࡚ㄪ࡭ࡓࠋࡑࡢ⤖ᯝ
ࢆᅗ 6࡟♧ࡍࠋP(LA/CA)ࡢ⾲㠃࡟ PBSࢆ℺ὶࡋࠊ཯ᑕගᙉᗘ㸦ࡍ࡞ࢃࡕ SPR
ゅᗘ㸧ࡀᏳᐃࡋࡓᚋࠊ℺ὶᾮࢆ PBS࠿ࡽ SDF-1-KL5⁐ᾮ࡟ኚ᭦ࡋࡓ⤖ᯝࠊSPR
ゅᗘࡀᛴ⃭࡟ୖ᪼ࡋࠊ࠾ࡼࡑ 5 ศᚋ࡟ࡣࡑࡢࢩࣇࢺ್ࡀ 190 mdeg ⛬ᗘ࡟㐩ࡋ
ࡓࠋSDF-1-KL5⁐ᾮࢆ 10ศ㛫℺ὶࡋࡓᚋࠊ෌ᗘࠊPBS ࢆ℺ὶࡋࡓ⤖ᯝࠊSPR
ゅᗘࡣపୗࡍࡿࡇ࡜࡞ࡃ㧗࠸್ࡀ⥔ᣢࡉࢀࡓࠋࡇࡢࢭࣥࢧ࣮ࢢ࣒ࣛ࠿ࡽࠊ
SDF-1-KL5ࡀ P(LA/CA)⾲㠃࡟྾╔ࡋࠊ྾╔ࡋࡓ SDF-1-KL5ࡣ PBS࡟ᭀ㟢ࡋ
࡚ࡶᐜ᫆࡟ࡣ⁐ฟࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋ 
Azzam ࡽ 23)࠾ࡼࡧ Knoll24)ࡣࠊගࡢᒅᢡ࡟㛵ࡍࡿࣇࣞࢿࣝࡢᘧࢆ⏝࠸࡚ࠊSPR
ࢭࣥࢧ࣮⾲㠃࡟ࢱࣥࣃࢡ㉁ࡀ྾╔ࡋࡓሙྜࡢ SPRゅࡢࢩࣇࢺ㔞ࢆィ⟬ࡍࡿ᪉ἲ
ࢆᥦ᱌ࡋࡓࠋࡇࢀࢆᮏ◊✲࡟࠾ࡅࡿᐇ㦂⣔࡟ᙜ࡚ࡣࡵࡿ࡜ࠊSPR ゅࡢࢩࣇࢺ㔞
1 mdeg࠶ࡓࡾ 1.1 ng/cm2ࡢࢱࣥࣃࢡࡀ྾╔ࡋ࡚࠸ࡿ࡜⪃࠼ࡿࡇ࡜ࡀ࡛ࡁࠊᅗ 6
࡟♧ࡋࡓ SPR ゅࢩࣇࢺ㔞࠿ࡽ SDF-1-KL5 ࡢ⾲㠃ᐦᗘࢆ⟬ฟࡍࡿ࡜ 0.22
Pg/cm2࡛࠶ࡗࡓࠋ 
 ✀ࠎࡢ⃰ᗘࡢ SDF-1-KL5 ⁐ᾮࢆ⏝࠸࡚ྠᵝ࡞྾╔ᐇ㦂ࢆ⾜࠸ࠊᅗ 7A࡟♧ࡍ
྾╔➼ ⥺ࢆᚓࡓࠋࡉࡽ࡟ࠊࡇࡢ⤖ᯝࢆࡶ࡜࡟㏫ᩘࣉࣟࢵࢺࢆ⾜ࡗࡓ㸦ᅗ 7B㸧ࠋ
ᅗ 7Bࡢ㏆ఝ┤⥺࠾ࡼࡧ 2.2.3࡛㏙࡭ࡓᘧ(5)ࡼࡾࠊゎ㞳ᐃᩘ㸦Kd㸧ࡢ್ࢆồࡵࡓ
⤖ᯝࠊK㹢 = 9.8 × 10Ѹ8 mol/L࡜࡞ࡗࡓࠋࡇࡢ್ࡣࠊࢱࣥࣃࢡ㉁㛫┦஫స⏝ࡢゎ
㞳ᐃᩘࡢ⠊ᅖ࡜ẚ㍑ࡋ࡚ࠊࡑࡢᶆ‽ⓗ࡞್ࡢ⠊ᅖ࡟࠶ࡿࠋ 



















ᅗ 7㸬SDF-1-KL5 ࡢ P(LA/CA)⾲㠃࡬ࡢ྾╔㸬㸦A㸧྾╔➼ ⥺㸬ᐇ⥺ࡣ㏆ఝ᭤
⥺㸬㸦B㸧྾╔➼ ⥺ࢆࡶ࡜࡟సᡂࡋࡓ㏫ᩘࣉࣟࢵࢺ㸬ǻࡣ྾╔ࡋࡓ SDF-1-KL5
ࡢ⾲㠃ᐦᗘ㸬ᐇ⥺ࡣ㏆ఝ┤⥺㸬 
3.2.2 P(LA/CL)ࢫ࣏ࣥࢪ࡬ SDF1-KL5ࡢᢸᣢ 
 ᮏ◊✲࡛⏝࠸ࡓ P(LA/CL)ࢫ࣏ࣥࢪࡢ෗┿ࢆᅗ 8A࡟ࠊSEM⏬ീࢆᅗ 9B࡟♧
ࡍࠋࢯࣝࢺ࣮ࣜࢳࣥࢢἲ࡛సᡂࡉࢀࡓ P(LA/CA)ࢫ࣏ࣥࢪࡣከᏍ㉁࡛࠶ࡾࠊࡑࡢ
Ꮝᚄࡣ 300 Pm௨ୖ࡛࠶ࡿ࡜ࡢ౪⤥ඖࢹ࣮ࢱ࡜୍⮴ࡋࡓࠋ 
ࡇࡢ P(LA/CA)ࢫ࣏ࣥࢪ࡟ࠊ10 Pg/mLࡢ SDF-1-KL5⁐ᾮࢆ⏝࠸࡚ SDF-1-KL5
ѸP(LA/CL)」ྜయࢆసᡂࡋࡓࠋSDF-1-KL5 ࡢᢸᣢ㔞ࢆ Micro BCA ἲ࡟ࡼࡗ࡚
ㄪ࡭ࡓ⤖ᯝࠊ┤ᚄ 5 mmࠊཌࡉ 0.5 mmࡢ෇┙≧ࡢ P(LA/CL)ࢫ࣏ࣥࢪ࠶ࡓࡾ 0.3 
Pg࡛࠶ࡾࠊ⾲㠃ᐦᗘࡣ 0.16 Pg/cm2࡛࠶ࡗࡓࠋ 
 
 





✀ࠎࡢ⃰ᗘ㸦0㸪0.5㸪1㸪10 Pg/mL㸧ࡢ SDF-1-KL5⁐ᾮࢆ⏝࠸࡚ SDF-1-KL5
ᢸᣢ P(LA/CL)ࢫ࣮࢟ࣕ࣍ࣝࢻࢆస〇ࡋࠊࣛࢵࢺ㢌⵹㦵ෆ࡟ᇙ᳜ࡋࡓࠋࡑࡢ┤ᚋࠊ
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ᅗ 9. 㦵Ḟᦆ㒊ࡢ࣐࢖ࢡࣟ CT⏬ീ㸬 
 CT⏬ീࡢゎᯒࡢ⤖ᯝࠊ᭷ព࡟㦵ᙧᡂㄏᑟຠᯝࡀ࠶ࡿ࡜ุ᩿ࡉࢀࡓᐇ㦂⩌ࠊࡍ

































ᅗ10㸬࣐࢖ࢡࣟCT⏬ീ࠿ࡽồࡵࡓࣛࢵࢺ㢌⵹㦵Ḟᦆ㒊ࡢయ✚㸬್ ࡣᖹᆒ್ ± ᶆ


























 1) ⏕యศゎᛶ㧗ศᏊࡢ୍✀࡛࠶ࡿ P(LA/CA)ࡢ⾲㠃࡟ぶ࿴ᛶࡀ࠶ࡿ࡜ண᝿




 2) SDF-1-KL5ࡣ P(LA/CL)⾲㠃࡟ぶ࿴ᛶࡀ࠶ࡾࠊࡑࡢゎ㞳ᐃᩘࡣ Kd = 9.8 
× 10Ѹ8 mol/L࡛࠶ࡗࡓࠋࡇࡢᛶ㉁ࢆ฼⏝ࡍࡿࡇ࡜࡟ࡼࡗ࡚ࠊP(LA/CL)ከᏍ㉁య
ෆ࡟ SDF-1-KL5ࢆᢸᣢࡉࡏࡿࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓࠋᢸᣢࡉࢀࡓ SDF-1-KL5ࡢ
⾲㠃ᐦᗘࡣ 0.16 Pg/cm2㸦0.61 Pg/g sponge㸧࡛࠶ࡗࡓࠋ 
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